Introduction: Intra-arterial therapy (IAT) for large vessel occlusion strokes (LVOS) has been increasingly utilized. The benefit of IAT in patients with midrange Alberta Stroke Program Early Computed Tomography Score (ASPECTS) remains to be established. Materials and Methods: This was a retrospective analysis of LVOS with ASPECTS 5-7 treated with IAT (n = 86) or medical therapy alone (intravenous tissue plasminogen activator; n = 15) at two centers from 2009 to 2012. Definitions were as follows: symptomatic intracranial hemorrhage = any parenchymal hematoma; successful reperfusion = mTICI ≥ 2b; good and acceptable outcomes = 90-day mRS 0-2 and 0-3, respectively. Final infarct volumes (FIV) were calculated based on 24-hour CT/MRI scans. Results: Mean age (67 ± 14 vs. 67 ± 19 years) and baseline NIHSS (20 ± 5 vs. 20 ± 6) were similar in the two groups. Successful reperfusion was achieved in 58 (67%) IAT patients. Symptomatic and asymptomatic intracranial hemorrhage occurred in 9 (10%) and 31 (36%) IAT patients, respectively. The proportion of 90-day good and acceptable outcomes was 20 (17/86) and 33% (28/86), respectively. Successful IAT reperfusion was associated with smaller FIV (p = 0.015) and higher rates of good (p = 0.01) and acceptable (p = 0.014) outcomes. There was a strong trend towards a higher hemicraniectomy requirement in medically as compared to endovascularly treated patients (20 vs. 6%; p = 0.06) despite similar in-hospital mortality. The median FIV was significantly lower with IAT versus medical The content of this paper was presented at the 11th International Stroke Summit, Nanjing, 2015. Despite a relatively low probability of achieving functional independence, IAT in LVOS patients with ASPECTS 5-7 appears to result in lower degrees of disability and may lessen the need for hemicraniectomy. Therefore, it may be a reasonable option for patients and families who favor a shift from severe to moderate disability.
Introduction
The benefit of acute stroke care is directly related to timely recanalization of the occluded cerebral artery with the ultimate goal of restoring penumbral tissue function and improving clinical outcomes. However, only 15% of the stroke patients reached an emergency room within the 3-hour window, and despite the extension of the time window to 4.5 h, only about 10% of all ischemic stroke patients currently receive intravenous recombinant tissue plasminogen activator (IV rt-PA) [1, 2] . Moreover, the rates of recanalization with IV rt-PA for large vessel occlusion strokes (LVOS) range from only 4-35% for internal carotid artery (ICA) occlusion to 30-77% for middle cerebral artery (MCA) occlusion and 5-53% for basilar occlusions [3] [4] [5] [6] [7] . Nonetheless, successful reperfusion remains one of the strongest predictors of good outcomes after ischemic stroke [8] . Indeed, it has been recently established that untreated LVOS patients presenting with moderate-to-severe deficits [National Institutes of Health Stroke Scale (NIHSS) score ≥ 10] have less than one in four chances of functional independence and greater than one in three chances of death [9] . Endovascular therapy has therefore emerged as a promising strategy in the care of severe ischemic strokes patients who are refractory to or ineligible for intravenous thrombolysis, with reperfusion rates of 50-86% [10] .
Large pretreatment infarct core size on noncontrast CT scan has been associated with higher rates of intracranial hemorrhage (ICH) and worse clinical outcomes [11] . The Alberta Stroke Program Early Computed Tomography Score (ASPECTS) is a 10-point scale to score early ischemic changes in ten defined regions in the MCA territory with a total score ranging from 10 (no evidence of early ischemia) to 0 (all 10 regions in the hemisphere show early ischemic changes). Patients with ASPECTS 8-10 appear to have the best clinical outcomes with reperfusion therapy, while patients with baseline ASPECTS ≤ 4 do not seem to benefit and may actually be harmed by treatment [12] . Although patients with ASPECTS 5-7 may benefit from IV rt-PA within 3 h [13] , the effects of endovascular therapy in patients with ASPECTS 5-7 remain to be established. In this study, we sought to determine the clinical outcomes in patients with LVOS who presented with ASPECTS of 5-7 and were treated with medical management alone and/or endovascular therapy.
Methods

Subjects
After Institutional Review Board approval, a retrospective chart review was performed to identify all consecutive patients with LVOS who underwent intra-arterial therapy (IAT) at a Level 1 Trauma Center (Grady Memorial Hospital, where endovascular treatment was aggressively pursued) or who were medically treated (including IV t-PA if eligible) at a tertiary referral center (Emory University Hospital, where endovascular stroke treatment was uncommonly performed) from 2009 to 2012. Baseline characteristics were collected from hospital records including demographics, vascular risk factors, radiographic variables, time to treatment and requirement for hemicraniectomy. LVOS were defined as strokes due to occlusion involving the intracranial ICA or MCA M1 and/or M2 segments (with or without concomitant extracranial ICA occlusion) identified by CT, MR or conventional angiography. ASPECTS were calculated for all the patients based on a standard protocol [14] . Only patients with ASPECTS 5-7 on pretreatment CT were included in the current analysis.
Outcome Measures
Successful reperfusion was defined as modified TICI 2b or greater [15] . A 'good' clinical outcome was defined as a 90-day modified Rankin Scale (mRS) score of 0-2, while 'acceptable' outcome was defined as an mRS score of 0-3. Infarct volume was calculated by summation of the regions of interest outlining the final infarct on a CT or MRI obtained within 24 h after the procedure. Infarct volume <70 ml was considered favorable in the analysis [16] . Long-term outcomes (e.g. 90-day mRS) were only available for IAT patients.
Statistical Analysis
Continuous variables were reported as mean ± standard deviation or as median ± interquartile range (IQR). Categorical variables were reported as proportions. Differences between proportions were assessed by the χ 2 test (α = 0.05 for significance). As an attempt to demonstrate the effects of successful reperfusion in LVOS patients with baseline ASPECTS 5-7, we compared the rates of good outcomes, acceptable outcomes and mortality as well as the final infarct volumes amongst recanalized versus nonrecanalized IAT patients. In addition, we compared the final infarct volumes and rates of hemicraniectomy amongst the IAT and medically treated patients. Statistical analysis was performed using SPSS 20 and Microsoft Excel.
Results
Baseline and Procedural Characteristics
A total of 101 patients were identified, with 86 patients in the IAT group [mean age: 67 ± 14 years; NIHSS: 20 ± 5; ASPECTS 5: 16 (19%) patients; ASPECTS 6: 28 (33%) patients; ASPECTS 7: 42 (49%) patients] and 15 patients in the medically treated group [mean age: 67 ± 19; NIHSS: 20 ± 6; ASPECTS 5: 4 (27%) patients; ASPECTS 6: 5 (33%) patients; ASPECTS 7: 6 (40%) patients]. There were no significant differences in the baseline characteristics between the two groups ( table 1 ). Forty-eight patients of the IAT group (56%) and 6 of the medically treated group (40%) received IV rt-PA. The median (IQR) times from last known 
Outcomes in the Endovascular Treatment Group
In the IAT group, successful reperfusion [modified thrombolysis in cerebral infarction (mTICI) score ≥ 2b] was achieved in 58 patients (67%; mTICI 0-1: 6; mTICI 2a: 22; mTICI 2b: 42; mTICI 3: 16). Seventeen IAT patients (20%) achieved a good clinical outcome, while 28 (33%) achieved an acceptable outcome. Patients with higher grades of reperfusion had higher likelihood of achieving better clinical outcomes ( fig. 1 ). Optimal degrees of reperfusion (mTICI ≥ 2b) were more likely associated with good (31 vs. 3.7%; p = 0.01) and acceptable (44.8 vs.
14.8%; p = 0.014) outcomes as compared to suboptimal or no reperfusion (mTICI 0-2a). Symptomatic and asymptomatic ICH occurred in 9 (10%) and 31 (36%) of all IAT patients, respectively. Thirty-seven patients underwent thrombectomy without IV rt-PA. Nine of these patients had acceptable clinical outcome (24%) and 8 patients had good clinical outcome (22%). The rates of asymptomatic and symptomatic hemorrhage in the IAT patients not treated with IV rt-PA were 32 and 14%, respectively. There was no statistically significant difference in mortality in mTICI 0-2a versus mTICI 2b-3 patients (52 vs. 41%; p = 0.5). Rates of good and acceptable clinical outcomes did not differ based on ASPECTS 5, 6 or 7, possibly due to our limited sample size. Time from LKN to intraarterial reperfusion did not correlate with final infarct volume or with 90-day mRS scores.
Impact of Endovascular Therapy versus Medical Treatment Alone in Final Infarct Volumes and Hemicraniectomy Requirements
The median final infarct volume in the IAT group was significantly lower as compared to the medically treated group [ fig. 2 a; 80 ml (IQR 38-122) vs. 190 ml (121-267); p = 0.015]. Patients with favorable final infarct volume profiles (<70 ml) had a significantly higher probability of achieving good outcome (OR = 0.17, 95% CI 0.05-0.61; p = 0.004). There was a statistically significant correlation between better degrees of reperfusion and lower infarct volumes in the IAT patients ( fig. 2 b ; p = 0.02). A strong trend towards a higher hemicraniectomy requirement was seen in medically as compared to endovascularly treated patients (20 vs. 6%; p = 0.06) despite similar in-hospital mortality (20 vs. 26.7%; p = 0.75).
Discussion
In addition to using level of occlusion and NIHSS score as selection criteria, a rapid estimation of established infarct using ASPECTS can be reliably used to select patients for endovascular therapy. Using this approach, patients with ASPECTS >7 have preferentially received endovascular therapy, while data in patients with intermediate ASPECTS 5-7 are more scant. To our knowledge, the current study represents the largest series of patients presenting with LVOS and ASPECTS of 5-7 who have undergone endovascular therapy. In our cohort, we have found that better reperfusion status through endovascular revascularization seems to result in significantly lower final infarct volumes. This may lead to a higher likelihood of better clinical outcomes and may also lessen the need for hemicraniectomy. An important consideration raised by the current analysis is the need to adjust one's expectations to the individual situation one faces in clinical practice. Traditionally, the initial NIHSS has served as the most important determinant of acute stroke severity. Clinical trial designs are now taking into account risk stratification by using an mRS shift analysis to better adjust outcome targets with initial stroke severity (e.g. NIHSS). From previous work, ASPECTS has been shown to be an independent predictor of outcome. As such, it should be included in risk stratification and adjustment of targets for determining acceptable outcomes. For instance, when treating an LVOS patient with a favorable baseline imaging profile (e.g. ASPECTS >7), it is very reasonable to expect an excellent (90-day mRS 0-1) or good (mRS 0-2) functional outcome. On the other hand, the expectations need to be tailored in the presence of more extensive established ischemic injury on baseline imaging. However, the presence of larger infarct cores on presentation does not necessarily translate into the lack of benefit from reperfusion as such patients may still have a shift towards better functional status. In these cases, achieving an ambulatory status (even if not full independence, mRS 0-3) seems to be a more appropriated outcome measure. Indeed, 90-day mRS 0-3 (and even 0-4) has been previously used to establish the benefit of hemicraniectomy in patients presenting with extensive MCA infarcts [17] . To further exemplify, in a patient with ASPECTS 5-7 at risk of subsequent progression to a malignant MCA infarct, it seems counterintuitive that one would reject the opportunity of endovascular reperfusion during an earlier phase of treatment simply because complete independence seems unlikely to be achievable (likely in the setting of significant additional brain tissue loss) to consider a decompressive hemicraniectomy later on in order to achieve a similar or potentially worse functional status as the one that could have been obtained with endovascular reperfusion. In our study, endovascular therapy achieved acceptable outcomes in 33% of ASPECTS 5-7 patients. Importantly, acceptable outcomes were attained in nearly 45% of patients who achieved mTICI 2b-3 reperfusion.
It is important to highlight that the majority of patients in the current study were treated with early-generation devices (e.g. Merci retriever and initial generation Penumbra system) and that both reperfusion and clinical outcomes seem to be better with the use of newer generation devices [18] . It is therefore reasonable to postulate that treatment outcomes in LVOS patients with ASPECTS 5-7 might be better with the use of the newer generation devices now available.
Our results are in agreement with the published outcomes for the ASPECTS 5-7 LVOS in the Interventional Management of Stroke III trial (IMS-III) [19] . In IMS-III, there were a total of 89 patients with ASPECTS of 5-7. Sixty-seven of these received combined IV/IA treatment and the remaining IV rt-PA only. Eighteen of the 89 IMS-III patients (20%) reached 90-day mRS of 0-2, which is again similar to our IAT group. The overall rates of symptomatic and asymptomatic ICH were 9/89 (13%) and 25/89 (37%), which are similar to the rates in our endovascular treatment cohort. However, there are two important differences between the IMS-III and the current study cohorts. First, the median time from stroke onset to groin puncture was much longer in our patients (202 vs. 300 min). Second, only 43% of our patients received IV tPA in contrast to 100% of the IMS-III patients. It is therefore remarkable that our patients achieved similar outcomes to IMS-III despite being treated later and having received IV rt-PA in less than half of the IMS-III proportion. We believe this was related to the higher rate of mTICI 2b-3 reperfusion seen in our study as compared to IMS-III, likely reflecting the higher usage of stent retrievers in our cohort (41 vs. 1.5%).
Our study has many of the limitations inherent to a retrospective methodology. We also had a relatively small sample size especially for the medically treated group. Moreover, a long-term difference in functional outcomes between IAT and medically treated patients could not be demonstrated since 90-day outcomes were only collected for IAT patients. However, despite our small sample size, we were able to demonstrate that final infarct volumes were significantly smaller in IAT patients and were directly correlated with better degrees of reperfusion. Notably, final infarct volume has been recently established as one of the most powerful surrogates for long-term clinical outcomes [20, 21] .
In conclusion, despite an overall low probability of achieving functional independence, endovascular therapy in patients with LVOS and ASPECTS 5-7 seems to be safe and may result in smaller infarct sizes, potentially leading to lower degrees of disability and lower rates of requirement for hemicraniectomy. Therefore, endovascular reperfusion in patients with severe stroke symptoms who have midrange ASPECTS on noncontrast CT scan might be a sensible option for patients and families who favor a shift from severe to moderate disability. Due to the inherent limitations of a retrospective cohort study and the lack of a matched control group, prospective studies utilizing a shift in outcome measures are warranted to confirm these results. 
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